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htcense.Abstract Hirayama disease is a benign, nonprogressive motor neuron disease affecting the upper
limbs. It is secondary to an abnormal anterior displacement of the posterior dura with secondary
compression of the lower cervical spinal cord. It should be suspected in young male patients with
a chronic history of weakness and atrophy involving the upper extremities followed by clinical
stability in few years. The involvement is usually unilateral but may be bilateral. MR imaging is
the best way to make the diagnosis but it necessitates the use of both extension/ﬂexion and post
contrast studies.
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Hirayama disease, also known as monomelic amyotrophy or
benign focal amyotrophy, is a rare disease affecting primarily
males of Southeast Asian decent in their second to third
decades (1). It differs from the other motor neuron diseases
because of its nonprogressive nature and pathological ﬁndings
of focal ischemic changes in the anterior horn cells of the
localized lower cervical cord. It is characterized by an insidious
onset of distal muscular atrophy of the upper limb involving
the hand and the forearm. The disease process is unilateral
in most patients, asymmetrically bilateral in some and rarely
symmetric. This is a lower motor neuron disease causing both
acute and chronic denervation identiﬁed on EMG in the C7-T2
myotomes. There are generally no sensory deﬁcits although
paresthesias may be seen. The gradual onset of purely motor
disturbances may mimic early amyotrophic lateral sclerosis.
This latter diagnosis may be excluded as it involves a pyrami-
dal tract and is progressive without clinical stabilization. TheProduction and hosting by Elsevier B.V.
3.01.004
Fig. 1 An 18-year-old male with Hirayama disease having
weakness and muscle atrophy of the distal forearm and hand on
the left side. (A). Sagittal T2-weighted image in neutral position
shows straightening of cervical curvature with focal cord atrophy
at C5 and C6 levels. (B). Axial T2-weighted image in neutral
position at C6 level shows asymmetric anterior cord ﬂattening on
the left side. High T2 signal intensity of the cord is also seen
secondary to cord compression. (C). Axial T2-weighted image in
neck ﬂexion shows forward displacement of the posterior dural
wall, more prominent at C5 and C6, with widening of the posterior
epidural space.
292 S. Thakur et al.clinician should be aware of this disease and treat it promptly
in order to prevent progression of the cord atrophy. We pres-
ent three cases of Hirayama disease with unilateral and bilat-
eral involvement.
2. Case report 1
An 18-year-old man presented with severe disability of the left
hand. He had a four year history of weakness of the left hand
which was gradually progressive. He had muscular atrophy in
the intrinsic muscles of the left hand and in the distal muscles
of the left forearm. A clinical diagnosis of amyotrophic lateral
sclerosis was made earlier keeping in view the progressive nat-
ure of the disease. However, the patient had spontaneous sta-
bilization of the symptoms and the characteristic MR ﬁndings
changed the diagnosis to Hirayama disease.
3. Case report 2
A 20-year-old man presented with weakness and a gradual loss
of muscle bulk of the right distal upper limb for the past
5 years. It was earlier progressive but now is stable for the past
one year. He denied weakness of any other limb. On clinical
examination, atrophy of small muscles of the hand and distal
forearm was appreciable. No conduction block was seen on
EMG. MR conﬁrmed the clinical suspicion of Hirayama
disease.
4. Case report 3
A 28-year-old man complained of progressive weakness and
atrophy of both distal upper limbs for the last 8 years. The
involvement was bilateral, however, more on the right side.
There was muscular atrophy. Clawing of the right hand was
also noticed. On EMG, there was a low amplitude of bilateral
median and ulnar nerves.
In all these three cases, there was no neck pain or radicular
symptoms. No sensory signs were seen. Results of routine
blood analysis were normal. Family history was negative for
neuromuscular disorder.
MR imaging was done in the neutral position and neck ﬂex-
ion in all these three cases. Post contrast study was also done.
Straightening of the cervical cord, localized cord atrophy at
C5–C7 level, T2-weighted hyperintensity due to myelomalacia,
widened epidural space on neck ﬂexion with T2-weighted ﬂow
voids and post contrast epidural venous congestion involving
the lower cervical cord were seen in all the three patients (Figs.
1–3). Case 1 had involvement of the left upper limb and the
imaging showed the left sided pear shaped cervical cord on ax-
ial images (Fig. 1B). Case 2 showed bilateral asymmetric cord
ﬂattening (right > left), although clinically the weakness was
limited to the right side only (Fig. 2B). High signal intensity
on T2-weighted imaging was best appreciated in this case
(Fig. 2A). Case 3 showed cord ﬂattening which was symmetri-
cal (Fig. 3C). Here the patient had bilateral asymmetric
involvement of distal upperlimbs.
All the three patients were managed conservatively with
cervical collar, muscle strengthening exercises and training in
hand-coordination. The two patients having unilateral involve-
ment beneﬁted the most. However, the third patient havingbilateral asymmetric involvement has to undergo tendon
reconstruction for the clawing of hand. This emphasizes the
importance of early recognition of the disease so that clinical
progression can be halted early.
Fig. 2 A 20-year-old man with Hirayama disease showing
decreased muscle bulk and weakness in the right distal upper limb.
(A). Sagittal T2-weighted image in neutral position shows cervical
cord straightening with well-appreciated T2-weighted hyperinten-
sity secondary to myelomalacia. Focal cord atrophy at C5-C7 level
is also seen. (B). Axial T2-weighted image in the neutral position.
Asymmetric cord ﬂattening is well seen (right > left). (C). Axial
T2-weighted image in neck ﬂexion. There is anterior shift of the
posterior dural sac with widened epidural space.
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Hirayama disease was ﬁrst described by Hirayama et al. in
1959 and approximately 200 cases have been reported in the
literature (1). It is a sporadic juvenile muscular atrophy of
the distal upper limbs. The predisposing factors are male gen-
der with male to female ratio of 7:1, age group of 14–38 years
and Asian decent (1). The disorder is characterized by muscu-lar atrophy that insidiously appears in young males, usually
localized to the unilateral hand and forearm; may be bilateral
but asymmetrical. Rarely symmetric involvement may also be
seen. Early progression of muscular atrophy for one to 2 years
before reaching a plateau is seen which then remains stable and
becomes self limiting. The family history is non-contributory.
No sensory or pyramidal signs are seen (2). EMG shows dener-
vation of C7-T2 myotomes.
The underlying process, of unknown origin and still debat-
able, affects the anterior horn cells in the localized lower cervi-
cal cord. The cause of this disorder depends on the pattern of
skeleton growth during puberty. The prevailing theories are
based on the presumption of differential growth of the dura
and the osseous spinal canal during adolescence. The dura is
most strongly anchored at the foramen magnum, C2, C3 and
at the coccyx. Usually there is enough dural slack to accommo-
date changes in the length of the spinal canal in cervical ﬂex-
ion. But in Hirayama disease, the dural sac is relatively short
which becomes taut in ﬂexion, pulling the dural sac and spinal
cord anterior (3). This results in cord atrophy, possibly from
repeated trauma or from circulatory insufﬁciency in the terri-
tory of the anterior spinal artery at the site of most kyphotic
level. Anterior horn cells are susceptible to ischemia account-
ing for the atrophy that follows; whereas the white matter is
resistant. It is believed that the incidence might be higher in
persons whose initial growth is slow and which suddenly in-
creases later. Persons with straight necks who lack physiolog-
ical cervical lordosis are more prone as their nerve roots are
already stretched. Chronic functional damage to neurons for
two or more years causes muscular atrophy especially when
innervated by long axons. These long axons require a greater
resupply and their distal areas are most remote for somal
spread. This explains the localization of muscular atrophy in
the hand and the ulnar side of the forearm in C5-T2 myotomes
and hence also called oblique amyotrophy (2).
Hirayama disease may be confused clinically with several
conditions like amyotrophic lateral sclerosis, syringomyelia,
cervical spondylosis associated with myelopathy, spinal cord
tumor and traumatic myelopathy. All of these conditions
may cause focal amyotrophy of the distal arm. Imaging modal-
ities are required for differentiation (4).
The imaging ﬁndings are characteristic and include local-
ized lower cervical atrophy, symmetric cord ﬂattening, abnor-
mal cervical curvature, loss of attachment between the
posterior dural sac and subjacent lamina, anterior shifting of
the posterior wall of the cervical dural canal and enhancing
epidural component with ﬂow voids (5). Asymmetric cord
atrophy with dominance on the same side as muscular atrophy
is found at C5–C7 level. An elliptic spinal cord is considered
normal, a pear-shaped is considered asymmetric cord ﬂatten-
ing and a triangular spinal cord is considered symmetric cord
ﬂattening. Guigui et al. and Batzdorf and Batzdorf classiﬁed
cervical curvature. A line is drawn from the dorsocaudal aspect
of C2 vertebral body to the dorsocaudal aspect of C7 vertebral
body. Cervical curvature is measured according to the relation-
ship of the dorsal aspect of the vertebral bodies C3 through C6
to the above mentioned line. Normal lordotic cervical curva-
ture is deﬁned in which no part of the dorsal aspect of the ver-
tebral bodies C3 through C6 crosses the line from C2 through
C7. An abnormal straight or kyphotic curvature is the one in
which part or all of the dorsal aspects of the vertebral bodies
C3 through C6 meet or cross through the mentioned vertical
Fig. 3 A 28-year-old man with Hirayama disease presenting with weakness, muscle atrophy and clawing of both hands. (A). Photograph
of the patient’s upperlimbs showing muscle atrophy and clawing of both hands, right > left. (B). Sagittal T2-weighted image in neutral
position shows straightening of cervical cord with focal atrophy at C5–C7 level. (C). T2-weighted axial image in the neutral position shows
symmetric anterior cord ﬂattening. (D). T2-weighted axial image in neck ﬂexion shows symmetric cord ﬂattening with widened epidural
space. (E). STIR sagittal image in neck ﬂexion shows anterior displacement of posterior epidural sheath with ﬂow voids. (F). Post-contrast
T1-weighted sagittal image shows posterior epidural venous congestion.
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ior dural sac and subjacent lamina, the lamina is deﬁned as the
part of vertebra between junctions of laminae medially and lat-
erally by a tangential line along the medial aspect of the ped-
icle. This is divided equally into three parts. More than
33.3% loss of attachment between the posterior dural sac
and subjacent lamina is signiﬁcant (6).
Although there is no cure for Hirayama disease, the occur-
rence of this disorder might be prevented by avoiding physical
exercises that involve frequent neck ﬂexion. The risk of
appearance of this disorder may decrease after skeletal matu-
rity and sufﬁcient development of dorsal root slackness. So,
forward ﬂexion of the neck should be avoided until skeletal
growth has been completed. This is achieved by using cervical
collar early to mitigate progression. It is more beneﬁcial in
cases with shorter duration of illness. Patients that do not re-
spond to cervical collar treatment and demonstrate compres-
sion of the cervical cord against the subjacent vertebral body
can be treated with duroplasty, posterior spinal fusion, ante-
rior spinal decompression and reconstructions with tendon
transfers (7).References
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